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Abstract: Two-dimensional (2D) carbon materials play an important role in nanomaterials. We propose 
a new carbon monolayer, named hexagonal-4,4,4-graphyne (H4,4,4-graphyne), which is a nanoporous 
structure composed of rectangular carbon rings and triple bonds of carbon. Using first-principles 
calculations, we systematically studied the structure, stability, and band structure of this new material. 
We found that its energy is much lower than that of some experimental carbon materials and it is stable 
at least up to 1500 K. In contrast to the single Dirac point band structure of other 2D carbon monolayers, 
the band structure of H4,4,4-graphyne exhibits double Dirac points along the high symmetry points and 
the corresponding Fermi velocities (1.04~1.27 × 10
6
 m/s) are asymmetric and higher than that of 
graphene. The origin of these double Dirac points is traced back to the nodal line states, which can be 
well explained by a tight-binding model. The H4,4,4-graphyne forms a moiré superstructure when placed 
on top of a BN substrate, while keeping the double Dirac points. These properties make H4,4,4-graphyne 
a promising semimetal material for applications in high-speed electronic devices.  
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Introduction 
Monolayer graphene was first realized in 2004
1
 and since then two-dimensional (2D) carbon 
material research has played a crucial role in nanomaterials. Many kinds of 2D carbon allotropes have 
been proposed due to the huge flexibility of the carbon bonding. Graphdiyne,
2
 a special structure of 
graphyne, has been realized experimentally. Topological defects,
3-5
 which include non-hexagonal carbon 
rings, have been observed in graphene. Many more new 2D carbon allotropes have been predicted 
theoretically with novel crystal structures that can be classified into two general classes. The first are the 
carbon monolayers that include some non-hexagonal carbon rings,
6-8
 such as haeckelite 
H5,6,7
9
/phagraphene
10
/Ψ-graphene11 (5-6-7 rings), T graphene12 (4-8 rings), and penta-graphene13 (5 
rings). These structures exhibit sp
2
/sp
3
 hybridization of the carbon atom. The second one are the carbon 
monolayers that have the triple bonds of carbon (-C≡C-) due to the sp hybridization of the carbon atom, 
such as α/β/γ/δ/6,6,12-graphyne,14-16 in which the carbon atoms (sp2 hybridization)/hexagonal carbon 
rings are connected by -C≡C-. These 2D carbon allotropes show different fundamental physical and 
chemical properties. Not only their band structures change from metal/semimetal to semiconductor, but 
also they can be used in many energetic and environmental applications, such as for gas separation,
17
 
and for water desalination.
18
 The abundant new 2D carbon structures also provide efficient inspiration 
for structural predictions of other elements,
19
 leading to many more new lattice structures with excellent 
properties. Although many 2D carbon allotropes have been predicted, combining structural properties of 
the above two classes have been scarce up to now.
20-22
 
The topologically nontrivial materials, such as topological semimetals, have attracted broad interest. 
There are three distinct kinds of topological semimetals: Dirac, Weyl, and nodal line semimetals.
23
 For 
the nodal line semimetals, the band crossing points form a continuous Dirac loop with a relatively higher 
density of states at the Fermi level,
24
 which is an advantage for high-speed electronic devices. Many 
kinds of three-dimensional (3D) nodal line bulk materials, such as PtSn4,
25
 PbTaSe2,
26
 and ZrSiS,
27,28
 
have been realized experimentally. Theoretically, TlTaSe2,
29
 3D-honeycomb graphene networks,
30
 
Ca3P2,
31,32
 LaN,
33
 Cu3PdN,
34
 and body-centered orthorhombic C16,
35
 have been predicted to show nodal 
line states.
36
 In contrast to the extended literature on 3D nodal line semimetals, the study of semimetal 
nodal line states in 2D materials are still in its infancy. They have only been confirmed experimentally in 
Cu2Si monolayer
37
 and theoretical predictions of a nodal line band structure have been made for a few 
2D materials, such as Be2C/BeH2,
38
 MX (M = Pd, Pt; X = S, Se, Te),
24
 and A3B2 compound (A is a 
group-IIB cation and B is a group-VA anion, such as Hg3As2).
39
 Therefore, there is a need for more 
predictions of new 2D nodal line semimetals that are stable and that can be realized experimentally. 
In this work, we constructed a new graphyne monolayer with a hexagonal lattice using rectangular 
carbon rings and triple bonds of carbon. According to the naming rule of graphyne and its lattice feature, 
H4,4,4-graphyne is obtained. Using first-principles calculations, we systematically investigated the 
structure, energy, stability, and electronic band structure of the H4,4,4-graphyne monolayer. This 
monolayer shows a nanoporous structure and its total energy is almost equal to that of β-graphyne. The 
phonon spectrum provides convincing evidence for the dynamical stability of H4,4,4-graphyne and our 
molecular dynamics (MD) calculations show that the monolayer is stable up to a high temperature. 
Different to the band structure with a single Dirac point of most other carbon monolayers, 
H4,4,4-graphyne has a band structure of double Dirac points along the high symmetry points with high 
Fermi velocities, which we confirm using different calculation methods. By an analysis of the 
orbital-projected band structure, pz atomic orbitals of the carbon atoms are responsible for the double 
Dirac points in the H4,4,4-graphyne monolayer. Using the pz atomic orbitals, a tight-binding (TB) model 
is constructed, which not only reproduces the double Dirac points, but also shows that the physical 
origin of the double Dirac points can be traced back to the nodal line states. Finally, we show that the 
H4,4,4-graphyne/BN moiré superstructure is a possible way of realizing the H4,4,4-graphyne monolayer 
experimentally. 
 
Method 
Our first-principles calculations were performed using the Vienna ab initio simulation package 
(VASP) code,
40-42
 implementing density functional theory (DFT). The electron exchange-correlation 
functional was treated by using the generalized gradient approximation in the form proposed by Perdew, 
Burke, and Ernzerhof (PBE).
43 
The atomic positions and lattice vectors were fully optimized using the 
conjugate gradient scheme until the maximum force on each atom was less than 0.01 eV/Å. The energy 
cutoff of the plane-wave basis was set to 520 eV with an energy precision of 10
-5
 eV. The Brillouin zone 
(BZ) was sampled by using a 9 × 9 × 1 Γ-centered Monkhorst-Pack grid. The vacuum space was set to at 
least 15 Å in all the calculations to minimize artificial interactions between neighboring slabs. The 
phonon spectrum was calculated using a supercell (4 × 4) approach within the PHONOPY code.
44
  
 
Structure 
The investigated graphyne monolayer is shown in Figure 1(a). Its hexagonal framework structure is 
composed of rectangular carbon rings, connected by the triple bonds of carbon. The carbon atoms in the 
rectangular carbon rings are close to sp
2
 hybridization, because the angle of the two neighboring single 
bonds of carbon (-C−C-) is not equal to 120° while the carbon atoms in the -C≡C- are close to sp 
hybridization, because the four carbon atoms (-C−C≡C−C-) are not located in a strict straight line. 
According to the naming rule of graphyne, the new graphyne should be named as 4,4,4-graphyne.
45
 To 
distinguish the rectangular graphyne (R-graphyne),
46
 which can also be called as 4,4,4-graphyne using 
the naming rule of graphyne, we call our proposed graphyne hexagonal-4,4,4-graphyne (H4,4,4-graphyne). 
Most new predicted graphyne structures are based on the hexagonal graphene structure by inserting the 
triple bonds of carbon, such as 6,6,12-graphyne,
16
 14,14,14-graphyne,
47
 and α-graphyne (α-2/α-3/α-4 
graphyne),
48,49
 while those with non-hexagonal carbon rings are rather exceptional.
20-22,46
 Here, we 
provide a novel structure model in which the rectangular carbon rings and triple bonds of carbon can 
coexist, providing a novel structure model for new stable carbon monolayers. 
 
 
Figure 1. Schematic representations (top and side views) of H4,4,4-graphyne (a) and its phonon spectrum 
along the high-symmetry points in the BZ (b). The blue dots are the carbon atoms. The four kinds of 
bond lengths are labeled l1, l2, l3, and l4, and the diameter of the circumcircle (red dotted line) of the 24 
carbon ring is labeled d. The black box is the unit cell. 
 
The lattice of the H4,4,4-graphyne is not only a hexagonal lattice, but also a kagome lattice,
39
 which 
is formed by all the centers of the rectangular carbon rings. Its lattice constant is 11.82 Å. There are four 
kinds of bond lengths, which are labeled l1, l2, l3, and l4, as shown in Figure 1(a). The l1 = 1.247 Å is the 
length of the carbon triple bond, which is formed by two carbon atoms close to sp hybridization and the 
value of l1 is close to that of the other graphyne structures.
14
 All the other carbon atoms are close to sp
2
 
hybridization with bond lengths, l2 = 1.351 Å, l3 = 1.453 Å, and l4 = 1.489 Å. Since H4,4,4-graphyne can 
be regarded as inserting -C≡C- into the -C−C- of graphenylene that are shared by 6 and 12 carbon 
rings,
17
 the graphenylene bond lengths (1.367/1.474/1.473 Å) are close to those of our structure (l2/l3/l4). 
The nonoporous graphenylene membrane has been theoretically predicted to achieve efficient 
3
He/
4
He 
separation for industrial applications,
17
 while the graphyne membrane has been proposed for water 
desalination.
18
 Besides these carbon monolayers, the C2N-h2D
50
 and g-C3N4
51
 membranes have also 
been proposed for separation applications, depending on their nonoporous structure. The diameter d = 
9.30 Å of the circumcircle (red dotted line in Figure 1(a)) of the 24 carbon ring of H4,4,4-graphyne is 
much larger than the one of other monolayers (5.49 Å for graphenylene,17 6.90 Å for graphyne-3,18 5.51 
Å for C2N-h2D,
50
 and 4.76 Å for g-C3N4
51
) and is comparable to that of the well-known covalent organic 
frameworks, which have been shown to have potential for a wide range of applications in gas/liquid 
separation.
52
 
 
Energy and Stability 
Introducing sp-hybridized carbon atoms can increase the system total energy (Et with a unit of eV 
per carbon atom) of carbon allotropes. Graphene shows the lowest Et in all the carbon allotropes while 
the graphyne structures have a higher Et due to the presence of sp-hybridized carbon atoms.
15
 Setting n 
(N) as the number of sp-hybridized carbon atoms (total carbon atoms) in the unit cell, we calculated the 
ratio n/N. For γ-graphyne, β-graphyne, and α-graphyne, Et increases with the value of this ratio (Table 1). 
However, H4,4,4-graphyne shows the same ratio (0.50) as γ-graphyne, but its Et is higher than that of 
γ-graphyne and comparable to that of β-graphyne. This can be ascribed to the special structure of 
H4,4,4-graphyne. In contrast to fully sp
2
-hybridized carbon atoms of γ-graphyne in which the three angles 
of the two neighboring single bonds are all 120°,
14
 the three angles in our structure are 140.1° (belonging 
to the 24 carbon ring), 129.9° (belonging to the 12 carbon ring), and 90° (belonging to the 4 carbon ring), 
which leads to an increase of Et. The similar situations can apply to the sp-hybridized carbon atoms, 
where the angle between single bond and triple bond of H4,4,4-graphyne becomes 170.1° (belonging to 
the 12 carbon ring) instead of 180° of γ-graphyne. Although H4,4,4-graphyne shows a higher Et as 
compared to graphene, it is still energetically preferable over some experimentally investigated carbon 
nanostructures, such as the C20 fullerene
13
 and the T-carbon nanowire.
53
 The calculated Et of T-carbon is 
-7.92 eV/atom,
54
 which is less favorable than the -8.37 eV/atom of the proposed H4,4,4-graphyne 
structure, implying that there is a good chance that H4,4,4-graphyne can be synthesized in the future.  
 
2D carbon 
allotropes 
Ratio (n/N) Et 
(eV/atom) 
Graphene 0 (0/2) -9.22 
H4,4,4-graphyne 0.50 (12/24) -8.37 
γ-graphyne 0.50 (6/12) -8.58 
β-graphyne 0.67 (12/18) -8.38 
α-graphyne 0.75 (6/8) -8.30 
Table 1. Calculated ratio of sp-hybridized carbon atoms (n) to the total carbon atoms (N) in the unit cell 
and total energy Et (eV/atom) of different 2D carbon allotropes.  
 
Next, we studied the stability of H4,4,4-graphyne from dynamical and thermal aspects. The phonon 
spectrum of H4,4,4-graphyne is shown in Figure 1(b). The phonon spectrum is free from imaginary 
frequency modes, which indicates that the H4,4,4-graphyne monolayer is dynamically stable. Then we 
confirm the thermal stability of the H4,4,4-graphyne monolayer by first-principles MD simulations. We 
used a 2×2 supercell to perform MD simulations at 500K, 1000K and 1500K for 10 ps with a time step 
of 1 fs. The fluctuations of the total energy with time at the three temperatures are shown in Figures 2(a), 
(b), and (c), and the corresponding snapshot of the atomic configuration after the MD simulations (10 ps) 
is given at the bottom of Figure 2(a)/(b)/(c). The total energy of the system converges within this time 
scale. The final geometrical framework of the H4,4,4-graphyne structure containing the 4-12-24 carbon 
rings is well preserved and no structure reconstruction is found to occur in all the three cases. The three 
different temperatures have little influence on the nanoporous structure, implying that H4,4,4-graphyne 
monolayer is robust. The above dynamical and thermal results indicate that the H4,4,4-graphyne 
monolayer is stable at least up to 1500K, which shows its great potential for applications in a high 
temperature environment. 
 
 
Figure 2. Fluctuations of total energy as function of simulation time and the corresponding snapshots of 
the atomic configuration (top view) after the MD simulations (10 ps) at the temperature of 500 K (a), 
1000K (b), and 1500 K (c).  
 
Band Structure 
The electronic band structure of the H4,4,4-graphyne monolayer is shown in Figure 3. The red lines 
indicate the band structure at the PBE level (Figure 3(a)), which shows two Dirac points at the P (M-Γ) 
and Q (Γ-K) points along the high-symmetry points in the BZ. An enlarged view of the bands at the P/Q 
point near the Fermi level is presented in Figure 4(a)/(b), which shows that two bands cross linearly at 
the Fermi level and thus the charge carriers can be characterized by massless Dirac fermions. To fully 
confirm the existence of the double Dirac points, we used the more sophisticated 
Heyd-Scuseria-Ernzerhof (HSE06)
55,56
 hybrid functional method to calculate the band structure of 
H4,4,4-graphyne monolayer, which is shown in Figure 3(b) (blue lines). Similar double Dirac points at P’ 
(M-Γ) and Q’ (Γ-K) points can also be clearly seen. From the enlarged view of the bands at the P’/Q’ 
point near the Fermi level (Figure 4(c)/(d)), we confirm that the two bands cross linearly at the Fermi 
level, which is similar to the result of PBE. Although the PBE method typically underestimates the band 
gap in semiconductors, the fact that the HSE06 method gives the same Dirac points
57,58
 strengthens us in 
the validity of the band structure around the Fermi level. A few 2D carbon structures exhibit a Dirac 
point at the K point with a high velocity, such as α-graphyne,14 δ-graphyne,15 and graphene. 
Phagraphene
10
 and β-graphyne59 have a distorted Dirac point, which is not located in one of the 
high-symmetry points. In contrast to the above band structures with a single Dirac point, 
6,6,12-graphyne
16
 and buckled T graphene
12
 show a band structure with double Dirac points along the 
high symmetry points. Although H4,4,4-graphyne and buckled T graphene have a similar double Dirac 
points around the Γ point, there is a major difference. The two Dirac points of H4,4,4-graphyne are at the 
same energy ( (P) (Q)E E < 0.05 meV and (P') (Q')E E < 0.09 meV), which is different from that of 
buckled T graphene where the two Dirac points are separated by an energy of 25 meV.
12
 
 
 
Figure 3. Band structures of the H4,4,4-graphyne monolayer from PBE calculations (red lines, (a)) and 
HSE06 calculations (blue lines, (b)). The Dirac point in reciprocal space is labeled as P/Q/P’/Q’. The 
energy at the Fermi level was set to zero. 
 
 
Figure 4. An enlarged view of the bands at the P (a)/Q (b)/P’(c)/Q’(d) point near the Fermi level along 
the direction of M-Γ/Γ-K/M-Γ/Γ-K. Corresponding to Figure 3, the red/blue lines are the band structures 
from PBE/HSE06 calculations. The slope of the band close to the Dirac point P is indicated by S and a 
similar label can be applied to Q/P’/Q’. 
 
From the Dirac point with linear bands, we can calculate the Fermi velocity (vF) by a linear fitting 
of the first-principles calculations date. Because the Dirac points are not at the high symmetry points, the 
double Dirac points can be regarded as two distorted Dirac points, which is similar to that in 
phagraphene
10
/distorted GaBi-X2 monolayers (X = I, Br, Cl)
60
/YN2.
61
 In general, the distorted Dirac 
point has two different Fermi velocities along the high-symmetry line directions. Setting the slope of the 
bands close to the Dirac point along the M-Γ(Γ-K) direction as S (Figure 4(a)), we obtain two kinds of 
slopes (S > 0 and S < 0) at each Dirac point, and thus two different Fermi velocities can be obtained. For 
the band structures at the PBE level (red lines, Figures 4(a) and (b)), the Fermi velocities of the two 
distorted Dirac points are vF (P, S > 0) = 0.87 × 10
6
 m/s, vF (P, S < 0) = 0.99 × 10
6
 m/s, vF (Q, S > 0) = 
1.07 × 10
6
 m/s, and vF (Q, S < 0) = 0.95 × 10
6
 m/s. Comparing these results with that of graphene at the 
PBE level, vF (K) = 0.83 × 10
6
 m/s, the Fermi velocities of H4,4,4-graphyne (0.87~1.07 × 10
6
 m/s) are 
slightly high. It is well known that there are many kinds of 2D carbon structures with a Dirac point, but 
their Fermi velocities are all lower than that of graphene,
10
 such as α-graphyne (0.687 × 106 m/s)49 and 
δ-graphyne (0.696 × 106 m/s).15 To our knowledge, the Fermi velocities of H4,4,4-graphyne are the 
highest Fermi velocities among all the predicted 2D carbon structures. To further confirm the superiority 
to graphene, we also calculated the four Fermi velocities at the HSE06 level (blue lines, Figure 4(c) and 
(d)). The Fermi velocities are vF (P’, S > 0) = 1.04 × 10
6
 m/s, vF (P’, S < 0) = 1.19 × 10
6
 m/s, vF (Q’, S > 
0) = 1.27 × 10
6
 m/s, and vF (Q’, S < 0) = 1.13 × 10
6
 m/s. These results (1.04~1.27 × 10
6
 m/s) are also 
slightly higher than the result for graphene at the HSE06 level, vF (K) = 1.01 × 10
6
 m/s. From the above 
results obtained within different calculations methods, we confirm the ultrahigh Fermi velocity of 
H4,4,4-graphyne, which is advantageous for building high-speed electronic devices, such as field effect 
transistor.  
To investigate the origin of the double Dirac points, we calculated the orbital-projected band 
structure along the high-symmetry points in the BZ at the PBE level as shown in Figure 5(a). It is clear 
that the bands (red dots) including the double Dirac points close to the Fermi level originate from the pz 
atomic orbitals of the carbon atoms. This is similar to most other 2D carbon structures having a Dirac 
point, such as phagraphene,
10
 δ-graphyne,15 and α-graphyne49 and the interaction between the pz atomic 
orbitals leads to the formation of a π-conjugated framework. The s+px+py atomic orbitals only contribute 
to the bands (blue dots) located in the region around 1.2 eV (valence band) and 2.4 eV (conduction band) 
away from the Fermi level.  
 
 
Figure 5. Orbital-projected band structure of H4,4,4-graphyne monolayer from PBE calculations (a) and 
band structure of H4,4,4-graphyne monolayer from TB calculations (b). In figure (a), the red (blue) dots 
represent the contributions from the pz (s+px+py) atomic orbitals of the carbon atoms. The red dots in 
figure (b) correspond to those in figure (a). The 3D band structure from TB calculations around the 
nodal line is presented as an insert in the figure (b).  
 For most 2D carbon structures, their band structures can be well reproduced by a TB model. To 
further illustrate the band structure with the double Dirac points of H4,4,4-graphyne monolayer, we 
propose a TB model involving only the pz atomic orbitals of the twenty-four carbon atoms in the unit 
cell. The effective Hamiltonian is taken as
15
 
,( . .)
ij
t h cc c jij iH
   
where ci
  and ci  represent the creation and annihilation operators of an electron at the i-th atom, 
respectively. Since all atoms are carbon atoms, we can neglect the on-site energy difference of these 
carbon atoms and set it as zero. To get a better understanding for the appearance of the double Dirac 
points, we only consider the hopping of the pz atomic orbitals between the nearest-neighboring atoms. 
Corresponding to the four bond lengths (l1, l2, l3, and l4), there are four hopping parameters t(l1), t(l2), 
t(l3), and t(l4). The distance-dependent hopping energy is determined by the formula t(lm) = 
t0×exp(q×(1-lm/l0)),
10
 where t0 = 2.7 eV, q = 2.2, l0 = 1.5 Å, and m = 1, 2, 3, 4. We can obtain the band 
structure of H4,4,4-graphyne by diagonalizing a 24×24 matrix in reciprocal space and the result is shown 
in Figure 5(b). Corresponding the red dots representing the contributions from the pz atomic orbitals of 
the carbon atoms in Figure 5(a), the TB bands that are also indicated by the red dots are in good 
agreement with the PBE results; in particular, the double Dirac points at the Fermi level are very 
accurately reproduced.  
For the double Dirac points in 2D carbon structures, there are two kinds of origins. One is the 
double Dirac cones as shown in the Cp-graphyne
20
 and 6,6,12-graphyne,
59
 where the two Dirac points 
come from the two Dirac cones. Another one is that the linear dispersion relation near the Fermi level 
exists in each direction forming a Dirac loop, which is called a nodal line band structure, such as in 
buckled T graphene.
12
 To further distinguish the two kinds of origins in H4,4,4-graphyne, we also 
calculated the 3D band structure (insert of Figure 5(b)) around the double Dirac points. Notice that the 
two band lines forming the double Dirac points become two band surfaces, which cross at the Fermi 
level forming a Dirac loop (black line in insert of Figure 5(b)). This kind of band structure should 
obviously be a Dirac nodal line band structure, which implies that H4,4,4-graphyne is a 2D Dirac nodal 
line semimetal.
24,37-39,62
  
 
Moiré Superstructure 
BN is an appealing substrate material, because it has an atomically smooth surface that is relatively 
free of dangling bonds and charge traps.
63
 It has been a standard substrate for graphene, as confirmed 
experimentally and theoretically.
64,65
 Different from the simple stacking models, such as AA and AB, the 
graphene/BN heterostructure results in a moiré superstructure stacking model and the interaction 
between the two planer layers is due to van der Waals (vdW) force.
64,65
 In theoretical calculations and 
experimental synthesis, since the BN substrate can well preserve the hexagonal honeycomb structure of 
graphene,
64,65
 BN has been a preferential substrate for other 2D monolayer structures, such as silicene
66
 
and germanene.
67
 Here, we constructed a H4,4,4-graphyne/BN heterostructure with the moiré 
superstructure stacking model. The superstructure is shown in Figure 6(a), in which we used the 
21 21  BN supercell to match the 1×1 H4,4,4-graphyne. In the PBE calculations of the superstructure, 
the vdW interaction is included (DFT-D3).
68
 Similar to other moiré superstructures, such as 
graphene/BN,
65
 silicene/BN,
66
 germanene/BN,
67
 and silicene/MoS2,
69
 an obviously rotation angle 
between the lattices of H4,4,4-graphyne and BN substrate can be seen. The corresponding band structure 
is shown in Figure 6(b). It is clear that the bands from the BN substrate are far away from the Femi level 
and the band structure with double Dirac points is well preserved, which is similar to the case of 
graphene/BN.
65
 We therefore propose that the BN substrate may be an ideal substrate for H4,4,4-graphyne, 
which contributes to the stabilization of the monolayer and the preservation of the double Dirac points. 
 
 
Figure 6. Schematic representation (top view) of H4,4,4-graphyne/BN moiré superstructure (a) and 
corresponding band structure from PBE calculations (b). The blue/green/silver dots are 
carbon/boron/nitride atoms. 
 
Conclusion 
In summary, using first-principles calculations combined with a TB model, we predict that the new 
carbon monolayer, H4,4,4-graphyne, is a nodal line semimetal with: 1) a nanoporous structure, 2) high 
stability, 3) band structure with double Dirac points, and 4) ultrahigh Fermi velocities. The nanoporous 
structure shows potential applications for gas/liquid separation. The value of the total energy, phonon 
calculations, and MD simulations fully confirm its energetic, dynamical, and thermal stability. The 
double Dirac points with ultrahigh Fermi velocities make H4,4,4-graphyne a promising material for 
high-speed electronic devices. A simple TB model was constructed and it was showed that the origin of 
the double Dirac points is the nodal line states. The H4,4,4-graphyne/BN moiré superstructure shows a 
possible way of realizing H4,4,4-graphyne monolayer experimentally, which preserves its double Dirac 
points simultaneously. 
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